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I
ncreasingly, metrics such as length of stay (LOS) and readmissions are being utilized in the United States to assess quality of healthcare because these factors may represent opportunities to reduce cost and improve healthcare delivery. [1] [2] [3] [4] [5] [6] [7] [8] However, the relatively low rate of pediatric readmissions, 9 coupled with limited data regarding recommended LOS or best practices to prevent readmissions in children, challenges the ability of hospitals to safely reduce LOS and readmission rates for children. [10] [11] [12] In adults, weekend admission is associated with prolonged LOS, increased readmission rates, and increased risk of mortality. [13] [14] [15] [16] [17] [18] [19] [20] [21] This association is referred to as the "weekend effect." While the weekend effect has been examined in children, the results of these studies have been variable, with some studies supporting this association and others refuting it. [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] In contrast to patient demographic and clinical characteristics that are known to affect LOS and readmissions, 32 the weekend effect represents a potentially modi able aspect of a hospitalization that could be targeted to improve healthcare delivery.
With increasing national attention toward improving quality of care and reducing LOS and healthcare costs, more de nitive evidence of the weekend effect is necessary to prioritize resource use at both the local and national levels. Therefore, we sought to determine the association of weekend admission and weekend discharge on LOS and 30-day readmissions, respectively, among a national cohort of children. We hypothesized that children admitted on the weekend would have longer LOS, whereas those discharged on the weekend would have higher readmission rates.
METHODS Study Design and Data Source
We conducted a multicenter, retrospective, cross-sectional OBJECTIVE: To determine the association between weekend admission and length of stay (LOS) and between weekend discharge and 30-day all-cause readmission.
METHODS:
We conducted a retrospective, cross-sectional study of children hospitalized between October 1, 2014 and September 30, 2015 using the Pediatric Health Information System. Birth hospitalizations and planned procedures were excluded. We used generalized linear mixed modeling to assess the independent association between weekend admission and LOS and weekend discharge and readmission risk. (Lenexa, Kansas) . Patient data are de-identi ed within PHIS; however, encrypted patient identi ers allow individual patients to be followed across visits. This study was not considered human subjects research by the policies of the Cincinnati Children's Hospital Institutional Review Board.
RESULTS:

Participants
We included hospitalizations to a PHIS-participating hospital for children aged 0-17 years between October 1, 2014 and September 30, 2015. We excluded children who were transferred from/to another institution, left against medical advice, or died in the hospital because these indications may result in incomplete LOS information and would not consistently contribute to readmission rates. We also excluded birth hospitalizations and children admitted for planned procedures. Birth hospitalizations were de ned as hospitalizations that began on the day of birth. Planned procedures were identi ed using methodology previously described by Berry et al. 9 With the use of this methodology, a planned procedure was identi ed if the coded primary procedure was one in which >80% of cases (eg, spinal fusion) are scheduled in advance. Finally, we excluded data from three hospitals due to incomplete data (eg, no admission or discharge time recorded).
Main Exposures
No standard de nition of weekend admission or discharge was identi ed in the literature. 33 Thus, we de ned a weekend admission as an admission between 3:00 PM Friday and 2:59 PM Sunday and a weekend discharge as a discharge between 3:00 PM Friday and 11:59 PM Sunday. These times were chosen by group consensus to account for the potential differences in hospital care during weekend hours (eg, decreased levels of provider staf ng, access to ancillary services). To allow for a full 30-day readmission window, we de ned an index admission as a hospitalization with no admission within the preceding 30 days. Individual children may contribute more than one index hospitalization to the dataset.
Main Outcomes
Our outcomes included LOS for weekend admission and 30-day readmissions for weekend discharge. LOS, measured in hours, was de ned using the reported admission and discharge times. Readmissions were de ned as a return to the same hospital within the subsequent 30 days following discharge.
Patient Demographics and Other Study Variables
Patient demographics included age, gender, race/ethnicity, payer, and median household income quartile based on the patient's home ZIP code. Other study variables included presence of a complex chronic condition (CCC), 34 technology dependence, 34 number of chronic conditions of any complexity, admission through the emergency department, intensive care unit (ICU) admission, and case mix index. ICU admission and case mix index were chosen as markers for severity of illness. ICU admission was de ned as any child who incurred ICU charges at any time following admission. Case mix index in PHIS is a relative weight assigned to each discharge based on the All-Patient Re ned Diagnostic Group (APR-DRG; 3M) assignment and APR-DRG severity of illness, which ranges from 1 (minor) to 4 (extreme). The weights are derived by the Children's Hospital Association from the HCUP KID 2012 database as the ratio of the average cost for discharges within a speci c APR-DRG severity of illness combination to the average cost for all discharges in the database.
Statistical Analysis
Continuous variables were summarized with medians and interquartile ranges, while categorical variables were summarized with frequencies and percentages. Differences in admission and discharge characteristics between weekend and weekday were assessed using Wilcoxon rank sum tests for continuous variables and chi-square tests of association for categorical variables. We used generalized linear mixed modeling (GLMM) techniques to assess the impact of weekend admission on LOS and weekend discharge on readmission, adjusting for important patient demographic and clinical characteristics. Furthermore, we used GLMM point estimates to describe the variation across hospitals of the impact of weekday versus weekend care on LOS and readmissions. We assumed an underlying log-normal distribution for LOS and an underlying binomial distribution for 30-day readmission. All GLMMs included a random intercept for each hospital to account for patient clustering within a hospital. All statistical analyses were performed using SAS v.9.4 (SAS Institute, Cary, North Carolina), and P values <.05 were considered statistically signi cant.
RESULTS
We identi ed 390,745 hospitalizations that met inclusion criteria (Supplementary Figure 1) . The median LOS among our cohort was 41 hours (interquartile range [IQR] 24-71) and the median 30-day readmission rate was 8.2% (IQR 7.2-9.4).
Admission Demographics for Weekends and Weekdays
Among the included hospitalizations, 92,266 (23.6%) admissions occurred on a weekend (Supplementary Table 1 ). Overall, a higher percentage of children <5 years of age were admitted on a weekend compared with those admitted on a weekday (53.3% vs 49.1%, P < .001). We observed a small but statistically signi cant difference in the proportion of weekend versus weekday admissions according to gender, race/ethnicity, payer, and median household income quartile. Children with medical complexity and those with technology dependence were admitted less frequently on a weekend. A higher proportion of children were admitted through the emergency department on a weekend and a higher frequency of ICU utilization was observed for children admitted on a weekend compared with those admitted on a weekday.
Association Between Study Variables and Length of Stay
In comparing adjusted LOS for weekend versus weekday admissions across 43 hospitals, not only did LOS vary across hospitals (P < .001), but the association between LOS and weekend versus weekday care also varied across hospitals (P < .001) (Figure 1 ). Weekend admission was associated with a signicantly longer LOS at eight (18.6%) hospitals and a signi cantly shorter LOS at four (9.3%) hospitals with nonstatistically signicant differences at the remaining hospitals.
In adjusted analyses, we observed that infants ≤30 days of age, on average, had an adjusted LOS that was 24% longer than that of 15-to 17-year-olds, while children aged 1-14 years had an adjusted LOS that was 6%-18% shorter (Table 1) . ICU utilization, admission through the emergency department, and number of chronic conditions had the greatest association with LOS. As the number of chronic conditions increased, the LOS increased. No association was found between weekend versus weekday admission and LOS (adjusted LOS 
Discharge Demographics for Weekends and Weekdays
Of the included hospitalizations, 127,421 (32.6%) discharges occurred on a weekend (Supplementary Table 2 ). Overall, a greater percentage of weekend discharges comprised children <5 years of age compared with the percentage of weekday discharges for children <5 years of age (51.5% vs 49.5%, P < .001). No statistically signi cant differences were found in gender, payer, or median household income quartile between those children discharged on a weekend versus those discharged on a weekday. We found small, statistically signi cant differences in the proportion of weekend versus weekday discharges according to race/ethnicity, with fewer non-Hispanic white children being discharged on the weekend versus weekday. Children with medical complexity, technology dependence, and patients with ICU utilization were less frequently discharged on a weekend compared with those discharged on a weekday.
Association between Study Variables and Readmissions
In comparing the adjusted odds of readmissions for weekend versus weekday discharges across 43 PHIS hospitals, we observed signi cant variation (P < .001) in readmission rates from hospital to hospital (Figure 2) . However, the direction of impact of weekend care on readmissions was similar (P = .314) across hospitals (ie, for 37 of 43 hospitals, the readmission rate was greater for weekend discharges compared with that for weekday discharges). For 17 (39.5%) of 43 hospitals, weekend discharge was associated with a signi cantly higher readmission rate, while the differences between weekday and weekend discharge were not statistically signi cant for the remaining hospitals.
In adjusted analyses, we observed that infants <1 year were more likely to be readmitted compared with 15-to 17-yearolds, while children 5-14 years of age were less likely to be readmitted (Table 2) . Medical complexity and the number of chronic conditions had the greatest association with readmissions, with increased likelihood of readmission observed as the number of chronic conditions increased. Weekend discharge .017
Abbreviations: CCC; complex chronic conditions; CI, con dence interval; ED, emergency department; ICU, intensive care unit.
was associated with increased probability of readmission compared with weekday discharge (adjusted probability of readmission [95% CI]: weekend 0.13 [0.12-0.13] vs weekday 0.11 [0.11-0.12], P < .001).
DISCUSSION
In this multicenter retrospective study, we observed substantial variation across hospitals in the relationship between weekend admission and LOS and weekend discharge and readmission rates. Overall, we did not observe an association between weekend admission and LOS. However, signi cant associations were noted between weekend admission and LOS at some hospitals, although the magnitude and direction of the effect varied. We observed a modestly increased risk of readmission among those discharged on the weekend. At the hospital level, the association between weekend discharge and increased readmissions was statistically signi cant at 39.5% of hospitals. Not surprisingly, certain patient demographic and clinical characteristics, including medical complexity and number of chronic conditions, were also associated with LOS and readmission risk. Taken together, our ndings demonstrate that among a large sample of children, the degree to which a weekend admission or discharge impacts LOS or readmission risk varies considerably according to speci c patient characteristics and individual hospital. While the reasons for the weekend effect are unclear, data supporting this difference have been observed across many diverse patient groups and health systems both nationally and internationally. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] 31 Weekend care is thought to differ from weekday care because of differences in physician and nurse staf ng, availability of ancillary services, access to diagnostic testing and therapeutic interventions, ability to arrange outpatient follow-up, and individual patient clinical factors, including acuity of illness. Few studies have assessed the effect of weekend discharges on patient or system outcomes. Among children within a single health system, readmission risk was associated with weekend admission but not with weekend discharge. 22 This observation suggests that if differential care exists, then it occurs during initial clinical management rather than during discharge planning. Consequently, understanding the interaction of weekend admission and LOS is important. In addition, the relative paucity of pediatric data examining a weekend discharge effect limits the ability to generalize these ndings across other hospitals or health systems. In contrast to prior work, we observed a modest increased risk for readmission among those discharged on the weekend in a large sample of children. Auger and Davis reported a lack of association between weekend discharge and readmissions at one tertiary care children's hospital, citing reduced discharge volumes on the weekend, especially among children with medical complexity, as a possible driver for their observation. 22 The inclusion of a much larger population across 43 hospitals in our study may explain our different ndings compared with previous research. In addition, the inclusion/exclusion criteria differed between the two studies; we excluded index admissions for planned procedures in this study (which are more likely to occur during the week), which may have contributed to the differing conclusions. Although Auger and Davis suggest that differences in initial clinical management may be responsible for the weekend effect, 22 our observations suggest that discharge planning practices may also contribute to readmission risk. For example, a family's inability to access compounded medications at a local pharmacy or to access primary care following discharge could reasonably contribute to treatment failure and increased readmission risk. Attention to improving and standardizing discharge practices may alleviate differences in readmission risk among children discharged on a weekend.
Individual patient characteristics greatly in uence LOS and readmission risk. Congruent with prior studies, medical complexity and technology dependence were among the factors in our study that had the strongest association with LOS and readmission risk. 32 As with prior studies 22 , we observed that children with medical complexity and technology dependence were less frequently admitted and discharged on a weekend than on a weekday, which suggests that physicians may avoid complicated discharges on the weekend. Children with medical complexity present a unique challenge to physicians when assessing discharge readiness, given that these children frequently require careful coordination of durable medical equipment, obtainment of special medication preparations, and possibly the resumption or establishment of home health services. Notably, we cannot discern from our data what proportion of discharges may be delayed over the weekend secondary to challenges involved in coordinating care for children with medical complexity. Future investigations aimed at assessing physician decision making and discharge readiness in relation to discharge timing among children with medical complexity may establish this relationship more clearly.
We observed substantial variation in LOS and readmission risk across 43 tertiary care children's hospitals. Since the 1970s, numerous studies have reported worse outcomes among patients admitted on the weekend. While the majority of studies support the weekend effect, several recent studies suggest that patients admitted on the weekend are at no greater risk of adverse outcomes than those admitted during the week. [35] [36] [37] Our work builds on the existing literature, demonstrating a complex and variable relationship between weekend admission/discharge, LOS, and readmission risk across hospitals. Notably, while many hospitals in our study experienced a signi cant weekend effect in LOS or readmission risk, only four hospitals experienced a statistically signi cant weekend effect for both LOS and readmission risk (three hospitals experienced increased risk for both, while one hospital experienced increased readmission risk but decreased LOS). Future investigations of the weekend effect should focus on exploring the differences in admission/discharge practices and staf ng patterns of hospitals that did or did not experience a weekend effect.
This study has several limitations. We may have underestimated the total number of readmissions because we are unable to capture readmissions to other institutions by using the PHIS database. Our de nition of a weekend admission or discharge did not account for three-day weekends or other holidays where staf ng issues would be expected to be similar to that on weekends; consequently, our approach would be expected to bias the results toward null. Thus, a possible (but unlikely) result is that our approach masked a weekend effect that might have been more prominent had holidays been included. Although prior studies suggest that low physician/nurse staf ng volumes and high patient workload are associated with worse patient outcomes, 38, 39 we are unable to discern the role of differential staf ng patterns, patient workload, or service availability in our observations using the PHIS database. Moreover, the PHIS database does not allow for any assessment of the preventability of a readmission or the impact of patient/family preference on the decision to admit or discharge, factors that could reasonably contribute to some of the observed variation. Finally, the PHIS database contains administrative data only, thus limiting our ability to fully adjust for patient severity of illness and sociodemographic factors that may have affected clinical decision making, including discharge decision making.
CONCLUSION
In a study of 43 children's hospitals, children discharged on the weekend had a slightly increased readmission risk compared with children discharged on a weekday. Wide variation in the weekend effect on LOS and readmission risk was evident across hospitals. Individual patient characteristics had a greater impact on LOS and readmission risk than the weekend effect. Future investigations aimed at understanding which factors contribute most strongly to a weekend effect within individual hospitals (eg, differences in institutional admission/ discharge practices) may help alleviate the weekend effect and improve healthcare quality.
